In the process of product innovations, it is necessary to evaluate the sustainability of innovative products in order to meet the demands of sustainable development. So, the calculation process for evaluating the sustainability of innovative products is proposed in this paper. Firstly, the performances of the innovative products in social, economic, and environmental aspects are calculated based on the concepts proposed in this paper, including social matching degree, economic feasible degree, and environmental improving rate. en, the vector-cosine method in the three-dimensional space is proposed to calculate the sustainability integrated in the three aspects, which regards innovative products as the vectors. Both the size and direction of the vectors are considered to calculate the sustainability. Finally, a case study of the cloud rail made by BYD Company in China is provided to illustrate the validity of the proposed calculation process.
Introduction
With the rapid development of society and economy, people's life is undergoing a great change. In order to keep pace with the development of people's modern lifestyle and behavior, enterprises continuously develop innovative products. However, they unavoidably accelerate the consumption and wastes of natural resources at the same time. Environmental pollution, resource depletion, ecological disaster, and other global environmental problems have confined the sustainable development of human, even threatened the security of human. Customers require more sustainable products, and governments also announced policies to diminish environmental impacts during the whole life cycle of products [1] . Enterprises have tried a number of approaches for designing environmentally friendly products [2] . Traditional design that neglects the impact on the environment is not beneficial to human survival and development, so product design has undergone from traditional design, green design, and ecodesign to sustainable design in recent years. Sustainable design is originated from the concept of sustainable production that was put forward at the United Nations Conference on Environment and Development (UNCED) in 1992 [3] . It aims to design sustainable products by reducing costs and environmental impacts during products' whole life cycle. ree elements must be taken into consideration for achieving sustainability based on the concept of triple bottom line proposed by Elkington in 1997, as shown in Figure 1 [4, 5] . Sustainability also represents the harmony of the exploitation of resources, investment plans, technological development, and institutional changes [6] . With the deepening of the concept of sustainable development, enterprises have realized the importance of sustainability in products [7] , and an unprecedented number of enterprises try to provide sustainable products that are good for both the planet and humankind [8] .
So evaluating the sustainability of innovative products is of vital importance for enterprises in the process of innovation. is paper aims to provide quantitative methods to evaluate innovative products' sustainability. Since sustainability is an integrated concept in society, economy, and the environment, the evaluation of sustainability should firstly include the evaluation of innovative products in social, economic, and environmental aspects, respectively. en, an evaluation integrating the three aspects should be done to get the final sustainability. In this paper, we attempt to address the following research questions:
(1) How to quantitatively evaluate the social, economic, and environmental performance respectively for innovative products? (2) How to quantitatively evaluate the sustainability for innovative products by integrating social, economic, and environmental performances?
Literature Review
Products' sustainability has received the attention of many scholars. Products need to be holistically improved, and the products with ecological or social improvements have not achieved the final destination of sustainability [2] . e tools for achieving sustainability for products have been divided into two kinds: the tools for partial sustainability and the tools for total sustainability. By comparison, tools for partial sustainability are more mature and useful in the early design stage [9] . Besides, information, environmental concern, and ethical production influence consumers' attitudes towards products' sustainability [10] . Many approaches have been proposed by scholars for designing sustainable products. LCA (life cycle assessment), which has been applied as a dispensable tool for designing sustainable product, can assess products' environmental impacts during the whole life cycle [11] . In addition, many methods have been applied at the end of life of products, such as design for disassembly [12] , design for reuse [13] , design for EOL [14] , and design for remanufacturing [15] . ese methods are applied by enterprises to maximize the value of product components and prolong the life of products. However, they cannot evaluate products' performances in social and economic aspects in an integrated way.
Generally speaking, the sustainability of products can be evaluated from two perspectives: the perspective of life cycle and the perspective of the triple bottom line. Life cycle emphasizes product's total impact "from cradle to grave", while the triple bottom line stresses the integrated impact in social, economic, and environmental aspects [16] . e methods which combine the two perspectives are proved to be more effective. For example, life cycle sustainability assessment (LCSA), which combines life cycle assessment (LCA), life cycle costing (LCC), and social life cycle assessment (SLCA) [17] . In order to evaluate the sustainability of renewable energy systems, life cycle analysis (LCA) and multicriteria decision making (MCDM) are also integrated [18] . Existing literature has studied how to achieve and evaluate the sustainability of products. With the sustainable development idea striking root in people's hearts gradually, evaluating the sustainability plays an important role in the success development of innovative products. However, existing research has the following research gaps:
(1) e evaluation of product's sustainability is a quantitative calculation process. e evaluation data are obtained from experts, so the data have the characteristics of subjectivity and uncertainty. How to deal with the subjectivity and uncertainty in the evaluation data has not been dealt with. (2) Social, economic, and environmental performances of products are mutually restrictive, so the sustainability evaluation of products is not simply the addition of the performances in three aspects. So how to calculate the sustainability by integrating the three aspects has not be solved.
In order to solve the above two problems, this paper proposes a calculation process with quantitative methods for evaluating the sustainability of innovative products.
Research Framework
Nowadays, innovative products with higher sustainability have more advantages in the fierce market competition. e sustainability evaluation process helps decision makers to estimate whether the products innovated are sustainable or not.
Since the sustainability of innovative products includes social, economic, and environmental aspects, the concepts including social matching degree, economic feasible degree, and environmental improving rate are proposed to evaluate the performance in every aspect, respectively. e evaluation data obtained from experts are uncertain and subjective to a certain extent. In order to deal with the uncertainties of the data provided by experts, the fuzzy theory is applied to form a fuzzy evaluation matrix to calculate social matching degree. Entropy weight method, an objective weighting method, is applied to deal with the subjectivity of the data provided by experts to calculate economic feasible degree. Considering the cost and complexity of LCA software, simplified LCA is used to calculate the environmental improving rate, which is suitable for small-and medium-sized enterprises in China. In order to integrate social matching degree, economic feasible degree, and environmental improving rate for innovative products, this paper proposes a vector-cosine method in the three-dimensional space. e research framework is shown in Figure 2 . With the quantitative methods applied in the paper, the uncertainty and subjectivity of data are dealt with. In addition, the integration of data in the three aspects of sustainability is also achieved.
Calculating the Social Matching
Degree. In order to achieve the sustainability in social aspect, innovative products should meet social requirements, which include the requirements of both the society as a whole and the individuals in the society. For example, because of the continuous fog haze weather in mid-eastern China, low pollution of public transport has become an urgent requirement for the whole society. At the same time, the fog haze has threatened the health of people, so low pollution of public transportation has also become the requirements of the individuals in the society.
After acquiring social requirements for a product, there is a need to evaluate the social matching degree of the innovated product. In this part, an evaluation matrix including five grades is firstly built to evaluate how the innovative product matches social requirements. en, five indicators representing the five grades constitute a five-dimensional space. e distance formula in the five-dimensional space is applied to calculate the social matching degree. e specific steps are as follows.
Building a Fuzzy Matching Degree Matrix.
After obtaining social requirements through market survey, the basic importance weights of social requirements are calculated by the importance and probability comprehensive coefficient method and adjusted by KANO model to gain the final importance weights from the perspectives of both customers and designing experts [19] . An evaluation set represented by V is built to assess the matching degree between the innovative product and social requirements:
� completely match, relatively match, match, rarely match, not match .
(1)
In the following formulas, CR and W represent social requirements and their weights, respectively. R is the fuzzy evaluation matrix, which evaluates how the innovative product matches the social requirements. An evaluation table is formed based on social requirements, their weights, and the evaluation matrix, as shown in Table 1 
According to the algorithm of matrix, the comprehensive evaluation vector B is calculated by the following formula: (5) and (6):
Calculating the Economic Feasible Degree.
e evaluation data of economic feasible degree for innovative products are obtained from experts in the R&D department. Because the data are the result of artificial input, they have subjectivity to some extent. Influenced by the number of experts, the data provided by experts are usually poor. So, the entropy weight method, which provides a way to get the weights by less data without subjective effect, is applied to calculate the weights of economic indicators [20] . TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution), proposed by Li et al., is a multiple criteria decision making method [21] . According to TOPSIS, there are two states of economic feasible degree for innovative products:
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Calculating with the Entropy Weight
Method. e entropy weight method is an objective way to identify the weights of indicators according to the information provided by indicators. e smaller the entropy of the indicator, the bigger is its variant degree. e indicators with bigger variant degree provide more information, so they have bigger weights. Experts are invited to evaluate the feasible degree of economic indicators for innovative products. e number of experts and indicators are represented by m and n, respectively. So, an evaluation matrix, represented by X, is formed. Standardize the matrix if needed by formula (7) . e entropy, represented by E j , is calculated by formula (8) . When P ij equals 0, p ij ln p ij equals 0. In formula (9) , w j represents the entropy weight of the indicator. e bigger its weight is, the more important it is:
Calculating with TOPSIS.
TOPSIS is applied to evaluate the feasible degree of economic indicators for innovative products by calculating the distances from the ideal and negative ideal states of innovative products. A * and A − represent the ideal state and the negative state of innovative products, respectively. e ideal state means the feasible degrees of all economic indicators are the highest; the negative ideal state means the feasible degrees of all economic indicators are the lowest. D * j and D − j , which represent the Euclidean distances of indicators from the ideal state and the negative ideal state, respectively, are calculated by formula (10) . en, the Euclidean distances are calculated by formula (11) :
e larger the value of K − j , the shorter the distance between the indicators and the ideal state; the larger the value of K * j , the longer the distance between the indicators 
3.3. Calculating the Environmental Improving Rate. Life cycle assessment (LCA) is a method applied to evaluate products' impact on the environment during the whole life cycle [22, 23] . Generally speaking, LCA includes four steps: goal and scope, life cycle inventory, life cycle impact assessment, and interpretation [22] . Although LCA can provide a detailed assessment for products, it is time-consuming and requires a lot of products' detailed data. LCA software, such as Gabi and Simapro, are too expensive for the small-and medium-sized enterprises in China. In addition, it is needed to make a comparison between existing products and innovative products in environmental impacts during the innovation process. Innovative products will take an advantage if they have less environmental impact.
e AT&T abridged life cycle assessment method [24] , proposed by Graedel et al., is applied in this paper to forecast the environmental improving rate of innovative products.
e main steps of the method are as follows: at first, a 5 × 5 assessment matrix is built, as shown in Table 2 . It includes the stages of preproduction, production, transportation, usage, and disposal in product's life cycle. Environmental impact of material choice, energy use, solid residues, liquid residues, and gaseous residues is also included in the table. en, every blank of the table is filled with two integers from 0 to 4, where 0 represents the highest environmental impact and 4 represents the lowest environmental impact. e first integer in every blank represents the environmental impacts of innovative product; the second one represents the environmental impacts of existing product. So, a comparison evaluation is made by an environmental expert. S r , which represents the overall environmentally responsible product rating, is calculated as the sum of all the 25 blanks. S 1 represents the sum of existing product, S 2 represents the sum of the innovative product, and λ 3 represents the environmental improving rate. e environmental improving rate is calculated by formula (13) . When S equals 100, the environmental improving rate is 1, which means the innovative product has the highest environmental improving rate:
Calculating the Sustainability Using the Vector-Cosine
Method. According to the triple bottom line of sustainability, the sustainability includes social, economic, and environmental aspects. However, the evaluation of sustainability is not the simple addition of the three aspects because the three aspects are mutually restrictive. For example, pursuing economic interests blindly will inevitably lead to an increase in environmental impacts. Similarly, pursuing environmental improvement purely will inevitably result in the loss of economic benefits. So there is a balanced state for the three aspects. In this part, the sustainability of the innovative product is calculated using the vector-cosine method. e values representing the performance in every aspect form a three-dimensional space, as shown in Figure 3 . It is found that OT * is the ideal direction, which represents the three aspects in a balanced state. e angles between the ideal direction and each axis are 45°. X, Y, and Z represent the values of λ 1 , λ 2 , and λ 3 , respectively. With the vectorcosine method, both the size and its deviation angle from the ideal direction of the vector are taken into account.
In Figure 3 , OT * is formed by the projections of all the vectors on the ideal direction. θ represents the deviating angle from the ideal direction. O and T * represent the negative ideal state and the ideal state, respectively. ρ is the projection of the vector, which not only considers the size but also the direction of the vector. So, the sustainability of the innovative product, represented by ρ, is calculated by the formulas (14) and (17) .
ere are two vectors represented by T r and T s , respectively. θ r and θ s represent their angles deviated from the ideal direction, respectively. e distance between T r and T s , represented by d rs , is calculated by formula (18) . T * represents the vector of the ideal innovative product, and T − represents the vector of the negative ideal innovative product. e distance between the ideal innovative product and the negative ideal product, represented by d * − , is calculated by formula (19) : Advances in Materials Science and Engineering 5
It is calculated that ρ is between 0 and 3 √ , which represent the lowest and the highest sustainability of the innovative product. Based on the values of ρ, Table 3 gives a grade standard of the sustainability.
Case Study
BYD is a high-tech private enterprise of IT, automobile, and new energy in China. e iron battery energy storage system and permanent magnet rim direct driving motor are the core technologies of BYD. ey help BYD to take an advantage in the market by manufacturing the new energy vehicles. In 2016, BYD released its innovative public transport vehicle: cloud rail [25] , as shown in Figure 4 . Cloud rail is developed by BYD's self-developed technologies and other leading technologies including lightweight body, single axle bogie, energy feedback communication system, and auxiliary automatic driving, as shown in Figure 5 . Cloud rail is actually a straddle-type monorail train, which uses the rubber wheel and concrete to lose weight and avoid noises. e track is a vertical concrete beam, and cloud rail "rides" on it.
Evaluation Process.
Cloud rail has the advantages of strong ability to climb, small turning diameter (45 meters), low noise, and low energy consumption. In order to evaluate the sustainability of cloud rail, the following steps are implemented.
4.1.1.
Step 1: Calculating the Social Matching Degree. A survey of social requirements for public tra c is done in Beijing, Tian Jin, and Shijiazhuang in 2017. After collecting the requirements data and calculating the importance weights with the method of determining the importance weights of customer requirements [19] , the rst ten social requirements are selected: Ten experienced engineers and socialists are invited to assess the matching degree of cloud rail with the gures from 0 to 1, where 0 represents the lowest matching degree and 1 represents the highest matching degree.
e evaluation values are standardized, and the results are shown in Table 4 . Vector B is calculated according to formula (4) , and λ 1 is calculated according to formulas (5) and (6) . e calculating results are as follows: 
Step 2: Calculating the Economic Feasible Degree.
Five experts are invited to evaluate the economic feasible degree of cloud rail with six indicators. E represents the set of economic feasible indicators. 1 represents the highest feasible degree, and 0 represents the lowest feasible degree. Choose the number between 0 and 1 to evaluate the economic feasible degree. e results are shown in Table 5 . Because the values are all from 0 to 1, Table 5 need not be standardized:
� energy saving, low investment cost, reliability, easy to maintain, high life, low recovery cost .
(22)
Calculate the entropy weight using formulas (8) and (9) and get the weights of the indicators: W � (0.26, 0.18, 0.18, 0.11, 0.14, 0.13).
e Euclidean distances of all the indicators from the ideal state and the negative ideal state are calculated based on formula (10) 
According to formulas (11) and (12), the economic feasible degree of cloud rail is calculated:
Step 3: Calculating the Environmental Improving Rate.
Cloud rail is an innovative public traffic vehicle, which is introduced to reduce the pressure of urban traffic. At present, the most popular and environmental friendly public transport is metro. In order to evaluate the environmental improving rate, an environmental expert is invited to compare cloud rail with existing metro in environmental impacts. e 5 × 5 matrix is shown in Table 6 . e first number in every blank is the evaluation result of cloud rail, and the second one is the evaluation result of metro.
According to formula (13), the environmental improving rate is calculated:
4.1.4.
Step: 4 Calculating the Sustainability for Cloud Rail. e sustainability of cloud rail, represented by ρ, is calculated using formulas (14)- (17) . According to Table 3 , a conclusion can be drawn that cloud rail has a high level of sustainability:
Results and Analysis.
Based on the survey of social requirements for public traffic, we acquire ten social requirements. ey are safe, fast, less traffic jam, low investment cost, short construction period, low pollution, low running noise, easy maintenance, saving land resources, and low recovery cost. Because of the haze weather, people' private cars can not be used normally. More people begin to go out by public transport. When choosing public transport, people gradually pay attention to the pollution of public transport to the environment. So, during the survey, it is found that low pollution has been a social requirement for public traffic. After building the matrix and calculating with the distance formula in the five-dimensional space, it is calculated that the social matching degree of cloud rail is 0.9. Based on experts' evaluation data, we calculate the weights of the economic indicators with the entropy weight method. According to the calculation result of TOPSIS, the economic feasible degree of cloud rail is 0.87.
en, a comparison between cloud rail and metro is made to calculate the environmental improving rate of cloud rail. e calculation result is 0.89. At last, the vector-cosine method is applied to calculate the final sustainability of cloud rail. According to the calculation results, it is found that the sustainability of cloud rail is 1.17, which shows that cloud rail is of high level of sustainability.
Conclusion
e purpose of this study is to evaluate the sustainability for innovative products. e triple bottom line underlines that the sustainability included product's performance in social, economic, and environmental aspects. So, this study aims to evaluate product's sustainability in an integrated way. While considering the internal restrictive relationships among innovative product's economic, environmental, and social performances, the vector-cosine method has been used to evaluate the sustainability of innovative products.
Unique Contributions of the Paper.
In order to evaluate the sustainability of an innovative product quantitatively in the three aspects, this paper proposes the concepts including social matching degree, economic feasible degree, and environmental improving rate to evaluate innovative product's performances in the three aspects.
e fuzzy evaluation matrix and the distance formula in the five-dimensional space are combined to identify the social matching degree; the TOPSIS and the entropy weight method are integrated to calculate the economic feasible degree, and the simplified LCA is applied to estimate the environmental improving rate. Simply adding the value of social matching degree, economic feasible degree and environmental improving rate together cannot reflect the mutually restrictive relationships among them, so the vector-cosine method in the threedimensional space is proposed to calculate the final sustainability of innovative products, which regards innovative product as a vector in the three-dimensional space. e projection of the vector in the ideal direction is determined by calculating the cosine value of the deviating angle from the ideal direction and the size of the vector. e case study of the cloud rail, which is an innovative product made by BYD, illustrates the validity of the evaluation process.
5.2.
eoretical and Managerial Implications. is study provides several theoretical contributions. First, it provides a series of quantitative calculation methods to evaluate the sustainability of innovative products. Most of the existing methods focus on how to achieve sustainability of products, but not on the evaluation of sustainability for innovative products that are being designed or have been designed. e quantitative methods are applied to calculate the concepts related with social, economic, and environmental aspects proposed in this paper. Because of the subjectivity and uncertainty existing in the data provided by experts, fuzzy theory and the entropy weight method are applied. Besides, the distance formula and the TOPSIS are also used to determine the social and economic performances of innovative products.
Second, this study combines two perspectives to evaluate the sustainability of innovative products: the perspective of triple bottom line and the perspective of life cycle assessment. From the perspective of triple bottom line, the performances of innovative products in social, economic, and environmental aspects are evaluated based on the values of social matching degree, economic feasible degree, and environmental improving rate which are calculated by ird, this study points out the mutually restrictive relationships among social, economic, and environmental performances for innovative products. Unilaterally, improving the performance in one aspect will inevitably lead to the lower performance in other two aspects. So, the evaluation of sustainability is not the simple addition of the performance in every aspect. In order to solve the problem, the vector-cosine method has been used to calculate the sustainability in an integrated way. e ideal direction in the three-dimensional space is regarded as the ideal balanced state of the three aspects. e projection of the vector in the ideal direction, which considers both the direction and the size of the vector, is regarded as the sustainability of innovative products.
is study also provides managerial contributions to the sustainable development both for enterprises and the society. With the continuous progress and development of modern society, changes are taking place in people's requirements for innovative products. Sustainable development is the main goal that people are pursuing at present. Products' sustainability is also a key consideration in choosing products for people. So, improving the sustainability of products has become an important aim in the innovation process for enterprises. e evaluation process of sustainability in this study will help enterprises to improve innovative product's social, economic, and environmental performances. Considering the cost and complex operation of LCA software, simplified LCA is applied by enterprises to make a comparison for innovative products and existing products. By evaluating the sustainability of innovative products, enterprises will have a deeper understanding for innovative products, which is conductive to the successful development of innovative products.
For the society, the evaluation of the sustainability of innovative products will further meet people's demands of sustainable development.
rough the evaluation, the problems in the innovative products can be found. By solving the problems, the social satisfaction can be further improved. Besides, innovative products will have less impact on the environment. e society, economy, and environment will achieve the goal of sustainable development.
Limitations and Future Research.
is study has its limitations. First, this study mainly provides quantitative methods for evaluating sustainability, while the sustainability indexes for different kinds of products should be further collected and analyzed. Second, since all the data for evaluating sustainability are obtain by experts, how to acquire valid data by big data for evaluating is a direction for further research. ird, this study takes the cloud rail as an innovative product for the case study, and more detailed case study for the common product should be done in future research.
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